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Introduction
A preliminary statement of results of an investigation of the effects of
water-flooding on oil production from the McClosky sand in Dennison Town-
ship, Lawrence County, has been issued. 1 More detailed data are herein
presented.
The writers are indebted to the Associated Producers Company, Robin-
son, Illinois, the Big Four Oil and Gas Company, Bridgeport, Illinois, the
International Oil and Gas Company, Washington, Pennsylvania, and the Ohio
Oil Company, Marshall, Illinois, for supplying the data upon which this and
the previous report are based. The field data have been collected by Mr.
Frederick Squires, a planetable survey of the area was made by Mr. Walter
Roe, and the illustrations and tables have been prepared by Mr. Perry
McClure, all of the Survey staff. Water analyses are by the State Water
Survey.
The location of the flood-area with respect to the Southeastern Illinois
oilfield is shown in figure 1. An index map of wells and leases is shown in
figure 2, and well data are listed in the Appendix.
Only those wells which penetrated the McClosky sand are included in
the maps and tables in this report although many other wells in the area were
drilled to shallower sands such as the Bridgeport, Buchanan, and Kirkwood.
Stratigraphy
The succession of subsurface strata in this area down as far as the
McClosky sand horizon is shown in the columnar section (fig. 4). "McClosky
sand" is the name applied to the very oolitic porous oil-producing part of the
1 Bell, Alfred H., and Piersol, R. J., Effects of water-flooding' on oil production
from the McClosky sand in Dennison Township, Lawrence County: Illinois State
Geol. Survey Information Circular No. 1, February 27, 1932.
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Ste. Genevieve limestone, which formation has a total thickness of approx-
imately 140 feet. The Ste. Genevieve is the uppermost formation of the
Lower Mississippian series which consists of the "Mississippi lime" and in-
cludes the black "Chattanooga" shale at the base, and which has a total thick-
ness of about 1400 feet. It underlies the Chester or Upper Mississippian
series in which occur the Tracy, Kirkwood, and part of the Buchanan sands.
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The McClosky sand 2 is not a single porous stratum but comprises one
to three lenses which range in thickness from less than one foot to 25 feet
and which occurs anywhere through a thickness of about 80 feet of the Ste.
Genevieve limestone. For instance, drill cuttings from the Associated Pro-
ducers Company J. F. Snyder well No. 20, SE. ]/A , NE. %, sec. 25, T. 3 N.,
2 Rich John L. Oil and Gas in the Vincennes quadrangle: Illinois State Geol.
Survey Bull. 33, pp. 158-159, 191G.
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R. 12 W., in the northeast part of the flood-area, show that the McClosky
sand here consists of 12 feet of white, petroliferous, oolitic, slightly sandy
limestone. The cap-rock consists of the upper 18 feet of Ste. Genevieve
limestone which is white to light brown and dense to crystalline.
2 I
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Structure
Most of the elevations (Appendix) on which the structure maps (figs.
3 and 4) are based were obtained from skeleton logs in which the sands were
correlated by the driller. The majority of the anomalous elevations not used
in preparing the structure maps are for the McClosky sand and this is prob-
ably due to the fact that it consists of more than one lens. Owing to the
variability of the McClosky sand, a structure map on the more consistent
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Kirkwood sand is included for reference, although the structure of the
McClosky sand is the more important for the present study.
The principal structural feature is an anticline whose axis trends a little
west of north and east of south and passes through the west part of sec. 35.
From the highest part of the anticline the general dip is east, southeast, and
south. Although the structures on the two horizons are generally similar,
they differ in detail.
Initial Productions
It may he noted that in two of the three areas of high initial production,
the thickness of the McClosky sand as averaged for leases or fractions of
leases (fig. 5) is above the average for the whole area which is 8.2 feet.
In this connection it should also be noted that many of the wells in areas of
high initial production may not have been drilled through the sand and that
accordingly the total sand thickness may be greater than that recorded
whereas in many of the wells of low initial production the sand was com-
pletely drilled through so that its total thickness is recorded. This accounts
for the high average thickness for some of the leases near the edge of the
producing area where initial productions were low.
Initial production and thickness of sand may be correlated only where
the openness and other conditions of the sand are uniform. Lack of correla-
tion between initial production and sand thickness may be due to variations
in sand texture, regarding which there is little direct information, or to
reservoir pressure at the time of drilling.
Flood Advance
production records 3
Curves of per cent production by years for many leases (A-D, figs. 6
and ?) show that following a period of decline there was a marked increase
in production. Study of the dates of drilling (including wells to all sands)
indicated that in most cases such increases could not be due to the drilling of
new wells. Further data, given below, show that the increases were undoubt-
edly due to water-flooding. The benefits of the water-flood are shown by the
fact that the annual production of a number of leases in the area has been
increased in ratios from a minimum of 1.2 :1 to a maximum of 20 :1.
Each group of curves refers to leases located along lines that radiate
from the L. K. Leighty lease in the east half of sec. 35 (fig. 7). It will be
noted that there has been a sequence of time for maximum increased produc-
tion in these radial directions.
PLUGGING-BACK RECORDS
A few years after the time of maximum increased production, the water-
oil ratio increased rapidly, eventually making it necessary to plug back the
3 Production records include totals for all sands.
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wells to one of the higher sands. The approximate position of the flood
front at successive five-year intervals (fig. 8) indicates that the flood
advanced outward from a central area in the vicinity of the L. K. Leighty,
L. Jenner, and A. L. Gould leases in the southeast part of sec. 35. It there-
fore seems clear that the increases in production were the result of oil being
pushed ahead of the water-flood. The spacing of the lines indicates the rela-
tive rate of advance of the flood.
PRODUCTION CURVES SHOWING PROGRESS Of WATER-FLOOD
IN McCLOSKY FLOOD AREA
DENNISON TOWNSHIP, LAWRENCE COUNTY. ILLINOIS
(VERTICAL SCALE varies FOR DIFFERENT LEASES)
Fig. 6
HYDROSTATIC LEVELS
Fluid levels determined in 18 wells at or near the plugging-back stage
(Table 1, fig. 9) were used to determine relative pressure in various parts
of the McClosky sand reservoir. It is probable that in some cases the
observed levels are not true equilibrium levels because sufficient time for the
fluid to rise to equilibrium had not elapsed before the measurements were
made. The present tendency for flow in the McClosky sand, as indicated by
the fluid-level lines, is outward from a center in the vicinity of the L. Jenner
and A. L. Gould leases in the southeast part of sec. 35 and is thus consistent
with the advance of the flood as shown by the production curves and plug-
ging-back records.
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Source of the Flood Water
Previous to the tapping of an oil reservoir in which the interconnected
openings are larger than capillar}' size, the water-oil contact is at the same
level in all parts of the reservoir. Adjacent unconnected reservoirs may have
different oil-water contact levels. An oil reservoir may exist below one con-
taining water and yet be connected with it if the point of junction is at the
highest part of the water-bearing lens.
MAP OF
McCLOSKY FLOOD AREA
DENNISON TOWNSHIP
LAWRENCE COUNTY.ILLINOIS
SCALE
LEGEND
DATE OF MAXIMUM INCREASED
PRODUCTION DUE TO
FLOODING
DATE OF MAXIMUM PRODUCTION;
NO APPARENT INCREASE
FROM FLOOD
Illinois State Geological Survey
Fig. 7
Tlie history of the McClosky water-flood shows beyond question that
the main lens of the McClosky sand has connected porosity throughout the
area. However, in the southwest part of the area (south of the south line of
the L. K. Leighty lease, E. l/2 sec. 35) there is evidence that there are three
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distinct lenses at different vertical elevations which are connected in the
region north of the L. A. Buchanan well No. 31.
The oil-water contact is believed to have been originally below —1400
feet because the L. A. Buchanan No. 35 well, drilled in 1913, produced oil
for eight years from the McClosky sand at an elevation of —1389 feet and
in 1924 the L. A. Buchanan No. IT well produced oil from the McClosky
sand at —1397 feet.
Table 1.
—
Measured fluid levels
(Datum, sea-level)
Company Lease and well No.
Height of
fluid
column
Elevation
McClosky
sand
Elevation
top of
fluid
Associated J. F. Snyder 11 525 —1359 —834
Producers J. F. Snyder 16 685 —1347 —662
Company J. F. Snyder 19 600 —1357 —757
J. F. Snyder 21 600 —1355 —755
Ohio Oil L. A. Buchanan 31 533 —1332 —799
Company A. L. Gould 13 1068 —1307 —239
H. H. Gould 9 455 —1277 —822
J. J. Goul 1 5 700 —1329 —629
J. J. Gould 13 730 —1305 —575
J. J. Gould 12 "470 —1308 —838
L. Jenner 18 855 —1299 —444
L. Jenner 19 a 1060 —1299 —239
L. Leighty b . l 33 650 —1260 —610
L. Leighty d 17 432 —1289 —857
L. K. Leighty "22 345 —1296 —951
G. Ryan "31 182 —1306 —1124
D. Withers 11 "460 —1335 —875
Vandermark 17 956 —1326 —370
a Estimated.
b Data not used in hydrostatic level map (fig. 9).
l' Located near L. Leighty No. 31.
*' Located near Leighty No. 23.
The first well drilled in the southwestern area was the M. Finley No. 1,
drilled in 1908, in which the elevation of the oil-sand is —1311 feet or
approximately 100 feet above the water sand in the wells in the extreme
southern part of the J. B. Kerr and L. A. Buchanan leases. This well was
flooded out by water in 1913. In the meantime the J. B. Kerr No. 24 well,
drilled into the McClosky sand at an elevation of —1306 feet in 1911,
showed water immediately. Drillings in 1913 and 1914 showed that water
extended in a channel-like belt throughout the length of the J. B. Kerr lease,
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its advance being due to the release of pressure through wells drilled from
L908 to 1913. |. B. Kerr No. 31 well appears to be in a water-bearing lens
deeper than the surrounding oil-producing McClosky sand such as found in
L. A. Buchanan Nos. 35 and -K wells. Also there appears to be an intercon-
nected lens which includes the sand encountered in L. A. Buchanan wells
Nos. ; !i>. 39, and 42 and Maggie Finley well No. 1 at an elevation of about
—13(H) feet. L. A. Buchanan well No. 42 seems to be in a lens at a higher
level than wells Xos. 32 to the west, 35 to the south, and 4.") to the east in
which the sands are respectively at elevations of —135G, —1389, and —1332
feet.
Indications are that the water drove the oil ahead in the J. B. Kerr
lease previous to the drilling of wells Nos. 32, 31, 29, 28, 25, 24, and 30 and
L. A. Buchanan wells Nos. 28 and 39. Unfortunately these wells were not
drilled in time to be benefitted by the water-flood but the L. Jenner wells Nos.
17, 18, in, and 20 were drilled in advance of the flood and showed initial
daily productions of 1400 to 1600 barrels.
The ''channel" through which the water enters the area appears to be
a lens of porous sand bounded on the east and west by tight sand and having
an elevation different from that of the oil-producing sand in the south part of
the J. B. Kerr and L. A. Buchanan leases. These lenses seem to merge in a
region north of the L. A. Buchanan No. 31 well and therefore form an
apparent source of flood spreading outward from a central area approxi-
mately covered by the L. Jenner and L. K. Leighty leases.
In the results of water analyses (Table 2) attention is called particularly
to the relative amounts of total dissolved solids, which generally increase
with the depth of the aquifer. 4 Weighted averages of parts per million of
total solids for waters from the Bridgeport, Buchanan, Kirkwood, and Tracy
sands, named in descending order of depth, are respectively 16,000, 17,000
35, (K)n and 53,000. A weighted average for five analyses of McClosky sand
water outside of the flooded area is 30,000 whereas for five analyses of
McClosky sand water from the flood-area it is 7 0,000 parts per million, or
nearly 50 per cent higher. These figures indicate that the flood water came
not from a horizon higher than the McClosky sand but either from a deeper
part of the McClosky sand or from some lower water horizon, possibly in
the Ste. Genevieve or a lower formation.
These observations explain why it is possible to have a well, such as
H. II. Gould Xo. is at McClosky sand elevation of — 1268 feet, plugged back
on account of water in 1918 whereas the L. A. Buchanan No. 38 well at
McQosky sand elevation of — 1356 feet is pumping oil at the present time.
' Moulton, Gail F., Further contributions to the geology of the Allendale oil field,
with a revised structure map: Illinois State Geol. Survey Report of Investigations
Xo. 7, p. 18, 1!»25.
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26 EFFECT OF WATER-FLOODING ON OIL PRODUCTION
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